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?? ???†, ?? ??†
Function-based Geometric Modeling Approach for Preliminary Design
Kikuo FUJITA and Shinsuke AKAGI
A function-based geometric modeling approach for preliminary design is developed using an object-
oriented programming technique. Preliminary design of engineering systems such as ships and aircraft is
a process finding a design object which satisfies several required functions. In the process, it is important
to support designers so as to manipulate design objects flexibly. Moreover, it is necessary to manipulate
geometries of design entities in order to evaluate their functions. In this paper, we propose a modeling method
of these design objects and their geometry. The system cooperates with both the modeling subsystem of design
entities and design parameters, and the geometric modeling subsystem. In the system, each modeling element
is represented as an object using an object-oriented programming technique. The procedures for modeling
elements are carried out by the methods defined in classes in an autonomous fashion, and geometries are
automatically generated with the procedures which are defined in objects of design entities. This approach is
effective and helpful in representing design knowledge and supporting the designer’s manipulation of design
objects. Finally, the prototype system implemented with the method is applied to the preliminary design of a
ship’s hull arrangement to confirm its validity and effectiveness.
Key Words : Design Engineering, Geometric Modelling, Knowledge Representation, Object-Oriented
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Class for Design Entities
Methods for Design Procedure
Methods for Entity Generation
Instance for a Design Entity
Attributes: Geometry = 
                  Volume = 
                  
. . .
                  
. . .







Attributes of entities 
and Parameters
(a)??????????
Class for Design Parameter
Methods for Design Procedure
Instance for a Design Parameter
              Value =
Inheritance of Design Procedure
Determining
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  (super design-object)
  (iv (capacity nil (procedure ( integral 1   )) )
      (oxg nil (procedure
                  (- integral ’x / my capacity)) )
      (kg  nil (procedure
                  (  integral ’z / my capacity)) )) )
(a)?????????
(class (name cargo&tst-class)
  (super tank-class)
  (iv (parent-tank  nil)
      (pre-bulkhead nil (procedure ’dummy-bulkhead) )
      (aft-bulkhead nil (procedure ’dummy-bulkhead) )
      (geometry nil (proceudre
        (let (( tank        
                (geometry of my parent-tank)  )
              ( pre-bulkhead
                (geometry of my pre-bulkhead) )
              ( atf-bulkhead
                (geometry of my aft-bulkhead) ))
         (if (not (eq pre-bulkhead ’dummy))
             (setq tank (send tank
                              ’get-lower-side-object
                              pre-bulkhead) ))
         (if (not (eq aft-bulkhead ’dummy))
             (setq tank (send tank
                              ’get-upper-side-object
                              aft-bulkhead) ))
         tank )    ) )) )
(b)????????????????????
(class (name cargo-holds)
  (super cargo&tst-class)
  (cv (procdure
       (let (( n number-of-bulkheads ))
        (do (( i 1 (1+ i) )) ((> i n))
         (let (( inst
                 (implode$ i      ’-cargo-tank    ) )
               ( pre
                 (implode$ (1- i) ’-cargo-bulkhead) )
               ( aft
                 (implode$ i      ’-cargo-bulkhead) ))
          (send !self ’create-instance inst)
          (if (not (= i 1))
              (send inst ’put-value ’iv
                         ’pre-bulkhead pre))
          (if (not (= i n))
              (send inst ’put-value ’iv
                         ’aft-bulkhead aft))  )) ) ))
  (iv (parent-tank nil
                   (procedure ’whole-cargo-tank) )) )
(c)???????
(instance (name 3-cargo-tank)
  (class cargo-holds)
  (iv (pre-bulkhead 2-cargo-bulkhead)
      (aft-bulkhead 3-cargo-bulkhead)
      (parent-tank  whole-cargo-tank)
      (geometry     object4903      ) 
      (capacity     7061.042        )
      (oxg          -28.52644       )









  (class set-up-parameter)
  (iv (procedure
         (( l < 170. ) --> 5
          ( l < 180. ) --> 6
          ( l < 230. ) --> 7
          ( l > 230. ) --> 9 ) )) )
(a)?????
(instance (name light-weight)
  (class definitive-parameter)
  (iv (procedure ( ws + wo + wm ) )) )
(b)????
(instance (name le) (class set-up-parameter)
  (iv (procedure 


































:  Objects representing geometric elements
:  Hierarchical relations among objects






































































: Various objects representing the design object
: Various objects representing geometry
: Hierarchical relations among objects
: Message passing to execute the ‘decide’ method






   geometry (2)  decide








































‘??? (Machinery space)’ ???????????




(Ship’s hull)’ ? ‘????? (M/S-bulkhead)’ ???
???????????????????? ( ©2 )?
????????????????????????
???????????? ‘Solid 1’, ‘Plane 2’, ‘Plane
3’ ???????????????????????
????????????????????????
???? ‘has-the-geometry-of’ ???????? ( ©3
)????????????????????????
????????????????????????
????? ‘Solid 4’ ???????? ( ©4 )??
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